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Powder for Rapid Prototyping and Method for the 
Production Thereof 

The invention generally refers to the production of 
5 three-dimensional, in particular of three-dimensionally 
complex structures or molded bodies by means of layered 
manufacturing methods such as they are also known under 
the term "powder-based generative rapid prototyping" or 
„solid free from fabrication (SFF) u methods. Such powder- 
10 based generative rapid prototyping methods are, for in- 
stance, known under the designations 3D laser sintering, 
3D laser melting, or 3D printing. 

The invention relates in particular to a powder for 
15 use in such a method, and to methods for the economical 
production of such a powder. 

Methods for the production of molded bodies of com- 
plex structure which are nowadays known and which are, as 

20 a rule, computer-controlled additive, automatic methods, 
usually work with fills - of powdered materials that are 
heated layer by layer at particular places or regions, 
respectively, to such an extent that a fusing or sinter- 
ing process takes place. For heating, a preferably pro- 

25 gram-controlled laser beam, or - if metallic powder mate- 
rials are used - an energy-rich electron beam is used as 
a rule. 

Meanwhile, various powders have been developed for 
3 0 this technology. Reference is made in this respect, for 
instance, to the documents DE 101 22 492 Al, EP 0 968 080 
Bl, WO 03/106146 Al , or DE 197 47 309 Al in the field of 
plastic powders, or to WO 02/11928 Al in the field of me- 
tallic powders. 

35 
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In order that the molding process can be carried out 
without problems with high process stability, powder par- 
ticles are required that stand out by a particularly good 
"flow behavior" on application of the powder layer, which 
5 is ensured in that the powder particles are formed as 
spherical as possible with a surface as smooth as pos- 
sible . 

So far, the material polyamide, especially a higher- 
10 networked polyamide such as PA 11 or PA 12, has prevailed 
in particular for the initially described method. 

With this powder material, however, the spectrum of 
use of the molded bodies produced therewith remains re- 
15 stricted. Therefore, one has been trying on various occa- 
sions to modify the powders so as to improve the mechani- 
cal characteristics of the molded body. One approach in 
this respect has been to add glass pellets or aluminum 
flakes to the thermoplastic powder. 

20 

With the glass pellets, a good flow capability indeed 
is maintained, but the improvements of the mechanical 
characteristics which can be achieved are restricted. A 
strengthening of the material is indeed possible (in- 
2 5 crease of the E-module) , but the tensile strength cannot 
be increased in a noteworthy manner, and the improvements 
that can be achieved have to be bought with an embrittle - 
ment of the material. When aluminum flakes are used, 
these problems are even more distinctive. 

30 

It is therefore an object of the invention to improve 
the method for the production of molded bodies by means 
of selective sintering or melting of powdered materials 
such that, by maintaining the basic conception of the ma- 
35 chine, molded bodies with substantially improved mechani- 
cal characteristics can be produced. 
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This object is solved by a new powder according to 
claims 1 and/or 2, and by the methods for the production 
of such powders according to claims 14, 15, 20, 25, 
5 and/or 26. 



In accordance with a first aspect of the invention 
(claim 1) , the substantially spherical powder particles 
are formed by an aromatic polyetherketone , in particular 
10 a polyaryletherketone (PEEK) plastic with the repeating 
unit Oxy- 1 , 4 -Phenyl en- Oxy- 1 , 4 -Phenyl en- Carbonyl -1,4- 

Phenylen pursuant to the following formula: 





15 This linear, aromatic polymer that is marketed under 

the designation „PEEK U by the Company Victrex is, as a 
rule, semi-crystalline and stands out by physical charac- 
teristics that are by far superior in every respect to 
the materials that have hitherto been used with SLS meth- 

20 ods . It is not just the mechanical characteristics such 
as tensile strength and E-module that are by a multiple 
better than in the case of conventional PA powders. In 
addition, the thermal stability of this material is so 
good that the components manufactured from this material 

2 5 pursuant to the SLS method can even be used in cases in 
which even fiber-reinforced plastic materials have been 
overstrained so far. 



The inventors have found that this material, by mak- 
30 ing use of a suitable method, in particular the methods 
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according to claims 14 , 20, 25, and/or 26 , is adapted to 
be processed to largely smooth and spherical powder par- 
ticles which thus guarantee a sufficiently good flow ca- 
pability of the powder, so that the individual layers can 
5 be applied with the highest precision possible. In sup- 
plement, the invention is supported by the idea of pref- 
erably processing the so-called PEEK powder in a so- 
called "isothermal" laser sintering process in which the 
surface of the powder fill is kept on a temperature that 
10 ranges by some few degrees below the relatively high 
melting temperature of the PEEK powder, and in which the 
remaining powder fill is also heated, but this tempera- 
ture mostly ranges below the temperature of the surface 
of the powder fill. 

15 

In accordance with a second aspect of the invention 
there is provided a powder comprising a first fraction 
that is present in the form of substantially spherical 
powder particles and that is formed by a matrix material, 

2 0 and at least one further fraction in the form of 
strengthening and/or reinforcing fibers. The matrix mate- 
rial may be a plastic material or a metal. Tests have 
shown that, when the volume fraction of the fibers re- 
mains - depending on the fiber length distribution - re- 

25 stricted, for instance, to maximally 25%, preferably up 
to 15%, particularly preferred up to 10%, the flow capa- 
bility of the powder is good to control. The test results 
show that, with PA12 as matrix material, a three-fold ri- 
gidity and a 50% increase of the tensile strength result 

30 with 10 percent fiber fraction (carbon fibers) by volume 
already. 

For further improvement of the mechanical character- 
istics, the fiber fraction has to be increased. In accor- 
35 dance with the invention, the powder is produced with a 
higher fiber volume fraction by making use of the produc- 
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tion methods according to claims 14, 15 , 20, 25, and/or 
26, this making it possible to embed the fibers into the 
matrix material, namely preferably such that they are 
substantially fully enclosed by the matrix material. This 
5 way, the handling of the powder remains largely uninflu- 
enced by the volume fraction of the fiber material. With 
PA12 as matrix material and with a volume fraction of the 
carbon fibers of 30%, an increase of the tensile strength 
by 300% and an increase of the E-module by the factor 9 
10 may be achieved. 

If a thermoplastic plastic material is used as matrix 
material, substantial improvements of the mechanical 
characteristics can already be achieved vis-a-vis the 
15 non-reinforced material if flakes are used instead of the 
fibers, as long as their dimensions permit a preferably 
full embedding in the powder particles. This aspect is 
expressly included in the subject matter of the inven- 
tion. 

20 

If the matrix material is formed by a plastic mate- 
rial, the fibers are preferably selected from the group 
of carbon and/or glass fibers. 

25 Basically, the fiber may be produced in all the 

qualities that have been processed so far, wherein the 
powder particles may have a medium diameter d50 in the 
range from 20 to 150, preferably from 40 to 70 jzm. The 
width of the grain size distribution should be as narrow 

3 0 as possible, so that the flow capability is not impaired 
too much. 

The matrix material may, however, also be formed by a 
metallic material. The production methods of the powder 
35 particles with embedded fibers in accordance with claims 
15, 20, 25, and/or 26 basically remain the same. 
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A metallic matrix material is preferably combined 
with fibers from the group of ceramic and of boron fi- 
bers . 

5 

In this case, the medium grain size d50 of the 
spherical powder particles advantageously ranges between 
10 and 100, preferably between 10 and 80 /zm. The value 
d50 means the measurement of the grain size that is un- 
10 der-run by 50% of the powder particles and exceeded by 
50% of the powder particles. 

The fiber length distribution is chosen such that a 
percentage of the fibers which is as low as possible pro- 
15 jects from the surface of the particles that are produced 
during melt spraying or spray drying. This may, for in- 
stance, be achieved in that the medium length L50 of the 
fibers corresponds maximally to the value of the medium 
grain size d50 of the spherical powder particles. 

20 

A first advantageous method for the production of 
powder, in particular according to any of claims 1 to 13, 
is the subject matter of claim 14. With this method, it 
is possible to produce, as a function of the modifiable 
25 process parameters, substantially spherical powder parti- 
cles that are indeed composed of a plurality of smaller 
particles, but have a sufficiently spherical and smooth 
surface to be used without problems with rapid prototyp- 
ing methods . 

30 

This method may be performed with equal advantage in 
the presence of a second phase in the form of a strength- 
ening or reinforcing fiber. As liquid phase of the sus- 
pension, all liquids are suitable that permit a uniform 
35 distribution of the micro powder particles and optionally 
of the reinforcing phase. Another relevant aspect in the 
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selection of the liquid is the property of its evaporat- 
ing or volatilizing rapidly and without residues. 

Preferably, if the matrix material is selected from 
5 the group of thermoplastics, micro powder with a medium 
grain size d50 between 3 and 10 /xm, preferably 5 fim, and 
optionally fibers, preferably with a medium length L50 
from 20 to 150 /im, preferably from 40 to 70 jan, are used 
with this method. The value L50 designates the length 
10 that is exceeded by 5 0% of the fibers and under- run by 
50% of the fibers. 

For the matrix material metal, claim 17 indicates ad- 
vantageous sizes of the particles. 

15 

An alternative method for the production of the in- 
ventive powder is the subject matter of claim 20. It is 
mainly interesting for thermoplastic materials, but can 
basically also be used for metallic materials. The step 

20 of cooling is indispensable in the case of thermoplastic 
materials in order that the material is embrittled to 
such an extent that it is capable of being ground. Advan- 
tageously, cooling is performed by means of liquid nitro- 
gen. Further advantageous developments of this method are 

25 the subject matters of claims 22 to 24. 

Further alternatives of the production method are the 
so-called prilling in accordance with claim 25, or melt 
spraying in accordance with claim 26, which can also be 
30 used for metallic and thermoplastic materials. 

The transfer of the matrix material, e.g. of a ther- 
moplastic, to the liquid phase may, for instance, be per- 
formed by using a solvent. The solidification of the 
3 5 droplets may e.g. be performed in that the solvent is 
transferred to the gaseous state of aggregation. This 
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may, for instance, happen by means of evaporating or 
volatilizing. The evaporation energy withdrawn from the 
droplets may be used for accelerating the solidification. 
In supplement, active heating may be performed. 

5 

Important process parameters for setting the desired 
grain size distribution are: temperature of the liquid 
phase or of the melt, respectively; viscosity and surface 
tension of the liquid phase or of the melt, respectively; 
10 nozzle diameter; speed, volume flow, pressure, and tem- 
perature of the gas flow. 

In the case of melt spraying according to claim 26, 
the atomization of the melt is preferably performed in a 
15 hot gas jet . 

With the inventive powder that can be produced by us- 
ing an inventive method, the range of application of com- 
ponents or molded bodies that have been generated by 

20 means of layered manufacturing methods (powder-based gen- 
erative rapid prototyping methods) e.g. pursuant to SLS 
(Selective Laser Sintering) or laser melt technology, can 
distinctly be enlarged. With the invention, it is thus 
for the first time possible to make meaningful use of 

2 5 such a layered manufacturing method for the production of 
hollow molded bodies with interior, preferably three-di- 
mensional framework- like struts. For, so far, the me- 
chanical characteristics of the material have been so 
poor that a use in thermally and/or mechanically demand- 

30 ing fields has not even been possible with reinforcing 
structures . 

In the following, the invention will be explained in 
more detail by means of embodiments: 

35 

The drawing shows : 
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Figure 1 a principle sketch to represent the func- 
tional principle of the layered manufacturing method; 

5 Figure 2 the detail II in Figure 1; 

Figure 3 the schematic representation of a method for 
the production of the powder in accordance with a first 
embodiment ; 

10 

Figure 4 a schematic view of a powder in accordance 
with a further embodiment of the invention; 

Figure 5 a schematic view of a powder in accordance 
15 with a further variant of the invention; 

Figure 6 the schematic representation of a method for 
the production of the powder according to Figure 5 pursu- 
ant to an embodiment ; 

20 

Figure 7 the schematic representation of another 
method for the production of the powder according to Fig- 
ure 5 ; 

2 5 Figure 8 the schematic view of a section of a compo- 

nent that can be produced by using the inventive powder; 
and 

Figure 8A the detail VIII in Figure 8. 

30 

Figure 1 schematically shows how a component is pro- 
duced by means of layered manufacturing methods. It re- 
veals that powder layers 12-1, 12-2, ... 12-n of the thick- 
ness S are successively applied on a platform 10 that is 
35 adapted to be lowered step-wise in an installation space. 
After the application of a layer, the particles 18 (cf. 
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Figure 2) are, by an energy jet from an energy source 16, 
selectively fused or melted at specified regions, this 
causing the regions 14 that are indicated in a hatched 
manner in the Figure to originate, which thus become part 
5 of the component to be produced. The platform is subse- 
quently lowered by the layer thickness S, whereupon a new 
powder layer of the layer thickness S is applied. The en- 
ergy jet again runs over a predetermined region, this 
causing the corresponding regions to be fused and to be 

10 melted or connected with the regions fused in the previ- 
ous layer. This way, a multi-layer powder block with an 
embedded molded body of complex structure is produced bit 
by bit. The molded body is removed from the powder block 
and, as a rule manually, cleaned from adhesive or sin- 

15 tered residue powder. 

The layer thickness is chosen between 20 and 300 (im - 
depending on the field of application -, wherein - as may 
be seen from Figure 2 - the majority of the powder parti - 
20 cles 18 has a grain diameter D of approximately 1/3 of 
the layer thickness S. 

Conventionally, the powder is formed by a thermoplas- 
tic, for instance, PA 11 or PA 12, so that the mechanical 
25 strength of the molded bodies remains restricted, which 
is caused by the small E-module in the range of 1.4 GPa 
and the low tensile strength in the range from 4 0 to 
50 MPa. 

30 The invention provides different approaches for the 

production of molded bodies with substantially improved 
mechanical characteristics, which are described in more 
detail in the following: 

3 5 Embodiment 1: 
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The powder comprises a first matrix fraction that is 
present in the form of substantially spherical powder 
particles (18) and that is formed by an aromatic poly- 
etherketone, in particular a polyaryletherketone (PEEK) 
plastic with the repeating unit Oxy- 1 , 4 -Phenyl en -Oxy- 1 , 4 - 
Phenylen-Carbonyl-1, 4-Phenylen of the general formula 



Such a material may, for instance, be obtained under 
10 the trade name "PEEK" from the Company Victrex Pic. The 
material characteristics are a tensile strength of over 
90 MPa and an E-module in the range of over 3.5 GPa (pur- 
suant to ISO 527) . Moreover, this material stands out by 
extremely good temperature stability, so that the molded 
15 bodies produced from it may also be used in fields that 
are thermally extremely demanding. 

The production of powder particles from this material 
is preferably performed in accordance with one of the 
20 following methods: 

1 . spray drying 

2. grinding; and 

3. melt spraying or prilling 

25 

S p ra y Dry in g 

Here - as is shown in Figure 3 - a suspension is 
first of all produced with a matrix micro powder 22 
3 0 stirred into a liquid phase, e.g. into an ethanol or an 
ethanol/water mixture 20. The particles of the matrix mi- 
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cro powder 22 have dimensions ranging substantially below 
the particle size DP of the powder particle 30 to be pro- 
duced. A uniform mixing of the phases in the bin has to 
be attended to. 

5 

The suspension is sprayed through a nozzle that is 
not illustrated, so that droplets 32 containing matrix 
micro powder are formed. The liquid phase 26, in detail 
the surface tension of this phase, guarantees a substan- 
10 tially spherical shape of the droplets. 

Subsequently - for instance, in a downstream heating 
path - the volatile fraction 26 of the droplets 32 is 
evaporated and/or volatilized, so that substantially 
15 spherical agglomerates 30 are left. These agglomerates 30 
form the powder particles to be used in the later layered 
manufacturing method. Accordingly, the process parameters 
of the method are selected such that the particles are 
generated in the grain size distribution desired. 

20 

Grinding : 

An alternative method consists in that the material 
that may, for instance, be obtained as a coarse granulate 
25 of a grain size of approximately 3 mm, is ground to a 
suitable fine powder. 

In so doing, the coarse granulate is first of all 
cooled to a temperature ranging below the temperature at 

30 which an embrittlement of the material occurs. The cool- 
ing is, for instance, performed by liquid nitrogen. In 
this state, the coarse granulate may, for instance, be 
ground in a peg or cascade mill. The ground powder is fi- 
nally - preferably in an air separator - separated in 

35 correspondence with a predetermined fractional spectrum 
to be obtained. 
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The method step of grinding may take place with fur- 
ther cooling. 

5 In order that the ground powder gets a sufficiently- 

smooth and preferably spherical surface, it is of advan- 
tage to subject the ground good to a smoothing treatment, 
for instance, by the embedding or agglomerating of micro" 
or nano particles such as Aerosil. 

10 

Melt Spraying or Prilling: 

A third method variant of the production of fine pow- 
der from aromatic polyetherketone , in particular a po- 
15 lyaryletherketone, consists in that a melt spraying 
method is used. 

Here, the material is melted in a crucible comprising 
a connection to a spray nozzle with which the material is 
2 0 atomized. 

Small droplets leave the nozzle. Due to the surface 
tension of the material, these droplets assume a substan- 
tially spherical shape. As the droplets are subsequently 
25 moved through a cooling path, they solidify in this 
spherical shape, so that powder of the quality desired 
for the layered manufacturing method is available. 

Hot gas is preferably used for atomizing. By means of 
30 a so-called pebble heater, the hot gas that is used for 
spraying, i.e. for atomizing the fused material, is gen- 
erated. 

As a rule, the method step of spraying is followed by 
35 a separating process so as to obtain powder particles in 
correspondence with a predetermined fractional spectrum. 
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Alternatively to melt spraying - to the extent that 
the matrix material permits so -, prilling may also be 
used, where a liquid phase of the matrix powder is used 
5 instead of a melt. The liquid phase may, for instance, be 
obtained by liquefying the matrix material by means of a 
solvent . 

The remaining method steps are equipped in analogy to 
10 melt spraying or spray drying, respectively, wherein the 
droplets assume a permanent spherical shape during the 
running or flowing through a solidifying path. The so- 
lidification of the droplets may, for instance, be per- 
formed in that the solvent is transferred to the gaseous 
15 state of aggregation. This may, for instance, take place 
by evaporating or volatilizing. In this method step, the 
volatilizing heat of the solvent may be used for heating, 
and thus for accelerating the process of solidification. 

2 0 Embodiment 2 : 

As is illustrated schematically in Figure 4, a powder 
comprising a first fraction that is present in the form 
of substantially spherical powder particles 118 and that 
25 is formed by a matrix material, and at least one further 
fraction in the form of strengthening and/or reinforcing 
fibers 140 was used. The matrix fraction may be formed of 
a metal or a thermoplastic plastic material. 

3 0 The following experiment was performed: 

PA12 powder with a grain size distribution d50 of ap- 
proximately 50 /itn was mixed with 10 percent carbon fibers 
by volume of two different types with a medium fiber 
35 length L50 of approx. 70 fim and a fiber thickness of 7/zm. 
It was possible to process the powder obtained such to 
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flawless molded bodies on commercial rapid prototyping 
machines . 

It was possible to substantially improve the mechani- 
5 cal characteristics of the test body produced on the ba- 
sis of this powder/fiber mixture in accordance with to 
the layered manufacturing method vis-a-vis a component 
that does not contain any fibers. In detail, it was pos- 
sible to increase the E-module to over 3.8 GPa and the 
10 tensile strength to approximately 70 MPa . 

These test results were compared with results with 
components obtained by means of injection molding from 
PA12 mixed with fibers, wherein the fibers added to the 

15 injection molding mass were available with equal volume 
concentration and equal size distribution. The measure- 
ment results showed that the mechanical characteristics 
of the components obtained in accordance with the layered 
manufacturing method are by no way inferior to those of 

2 0 the injection-molded components. In the sintered body, it 
was even possible to increase the E-module. 

Although the fraction of fibers in the fine powder 
can be varied as a function of the medium grain size and 
25 the distribution thereof, it is, as a rule, not possible 
to raise it above 25% without problems. In order to be 
able to nevertheless realize improved material character- 
istics, the third embodiment of the invention lends it- 
self . 

30 

Embodiment 3 : 

In accordance with the third embodiment that is il- 
lustrated schematically in Figure 5, a powder is produced 
35 which comprises substantially higher fiber fractions, 
namely more than 3 0 percent by volume, and which is nev- 
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ertheless of such a structure that it can be used, due to 
its good flow capability, in a layered manufacturing 
method. 

The particularity consists in that the fibers 240 are 
embedded into substantially spherical powder molded bo- 
dies 218 that form the matrix material of the component 
to the produced, preferably such that they are substan- 
tially fully enclosed by the matrix material, as is indi- 
cated in Figure 5 . 

For the production of such a powder, the afore-de- 
scribed methods, i.e. spray drying, grinding, prilling, 
and melt spraying, are suitable with slight modifica- 
15 tions: 

Spray Drying 

This method is illustrated schematically in Figure 6. 
It differs from the method described before with respect 
to Figure 3 only in that, in addition to matrix micro 
powder 322, strengthening or reinforcing fibers 340 are 
stirred into the liquid phase such as into an ethanol or 
an ethanol/water mixture. The particles of the matrix mi- 
cro powder 322 have dimensions ranging substantially be- 
low the particle size DP of the powder particle 330 to be 
produced. The fiber lengths are also selected such that 
their medium length does not lie above the medium grain 
size of the powder particles to be achieved. A uniform 
mixing of the phases in the bin again has to be attended 
to . 

When spraying the suspension through a nozzle that is 
not illustrated, droplets 332 containing matrix micro 
3 5 powder and fiber (s) are formed. The liquid phase 32 6, in 
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detail the surface tension of this phase, guarantees a 
substantially spherical shape of the droplets. 

When the volatile fraction 326 of the droplets 332 
5 subsequently evaporates and/or volatilizes, substantially 
spherical agglomerates 330 are again left. These agglom- 
erates 33 0 form the powder particles to be used in the 
later layered manufacturing method. Accordingly, the 
process parameters of the method are selected such that 
10 the particles are generated in the grain size distribu- 
tion desired. 

Good results can be achieved with spray drying if mi- 
cro powders with a medium grain size d50 between 3 and 
15 10 /im, preferably 5 /zm, are used. 

If fibers are stirred into, they should - if the ma- 
trix material is a plastic material - preferably be used 
with a medium length L50 from 2 0 to 150 /zm, preferably 
20 from 40 to 70 /im. 

In the case of a metallic matrix material, the 
lengths of the fibers have as a rule to be chosen 
shorter. An advantageous range for the medium fiber 
25 length L50 lies between 10 and 100 /zm, preferably between 
10 and 80 /im. 

Advantageously, the process parameters are set such 
that substantially spherical micro droplets with a medium 
30 diameter D50 from 10 to 70 (im are generated. 

The evaporating or volatilizing step is advanta- 
geously performed while the droplets are moved through a 
heating path. 

35 

Grinding : 
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An alternative method that is illustrated schemati- 
cally in Figure 7 consists in that a material containing 
fibers, e.g. carbon fibers 440, and that is, for in- 
5 stance, available as a coarse granulate 450 of approxi- 
mately 3 mm grain size or edge length, is ground to a 
suitable fine powder. 

In so doing, the coarse granulate 450 is first of all 
10 again cooled to a temperature ranging below the tempera- 
ture at which an embrittlement of the material occurs. 
The cooling is, for instance, performed by liquid nitro- 
gen. In this state, the coarse granulate can, for in- 
stance, be ground in a peg mill - indicated by 460. The 
15 ground powder is finally separated in a separator 480 - 
preferably an air separator - in correspondence with a 
predetermined fractional spectrum to be achieved. The 
powder particles to be used are designated with 430. 

2 0 The method step of grinding may again be performed 

with further cooling. An optional smoothing process by 
the embedding or agglomerating of micro or nano particles 
such as Aerosil may also follow. 

2 5 Melt Spraying or Prilling: 

The afore-described further method variant, namely 
the so-called melt spraying, may also be used for the 
production of powder in accordance with Figure 5. 

30 

In contrast to the afore-described method, the fiber 
fraction is stirred into the fused melt of matrix mate- 
rial . 

3 5 Alternatively to melt spraying - to the extent that 

the matrix material permits so -, prilling may again be 
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used, wherein a liquid phase of the matrix powder is used 
instead of a melt. The liquid phase may, for instance, be 
obtained by liquefying the matrix material by means of a 
solvent . 

5 

The remaining method steps are equipped in analogy to 
melt spraying or spray drying, wherein the droplets en- 
closing the strengthening fibers assume a permanent 
spherical shape while running or flowing through a so- 

10 lidifying path. The solidification of the droplets may, 
for instance, be performed in that the solvent is trans- 
ferred to the gaseous state of aggregation. This may, for 
instance, take place by evaporating or volatilizing. The 
volatilizing heat of the solvent may, in this method 

15 step, be used for heating and thus for accelerating the 
solidification process. 

The afore-described embodiments permit the processing 
of both thermoplastic plastic materials and metallic ma- 
20 terials. 

Different materials may also be mixed. 

If the matrix material is formed by a thermoplastic 
25 plastic material, the fibers are selected from the group 
of carbon and/or glass fibers. 

The medium grain size of the spherical powder parti- 
cles shall basically not be restricted. Good results with 
3 0 commercial machines can, at any rate, be achieved if the 
medium grain size d50 of the spherical powder particles 
lies in the range from 2 0 to 150, preferably from 4 0 to 
70 /xm. The flow capability of such a powder can still be 
increased by homogenization of the size distribution. 

35 
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If the matrix material is formed by a metallic mate- 
rial, the fibers are preferably selected from the group 
of ceramic and boron fibers. With such a powder, the me- 
dium grain size d50 of the spherical powder particles 
5 has, as a rule, a lower value, for instance, in the range 
from 10 to 100, preferably from 10 to 80 /xm. 

The description reveals that, with the inventive pow- 
der for use with layered manufacturing methods (powder- 

10 based generative rapid prototyping methods), e.g. pursu- 
ant to SLS (Selective Laser Sintering) or to laser melt- 
ing technology, it is possible to produce three-dimen- 
sional structures or molded bodies whose mechanical 
and/or thermal characteristics have been unimaginable so 

15 far. 

Thus, the E-module of PEEK can, if it is reinforced 
with 10, 20, or 30 percent carbon fibers by volume that 
have been added to the powder particles or mixed 
2 0 therewith in accordance with any of the described meth- 
ods, be increased to 7, 13.5, or 22.2 GPa, while the ten- 
sile strength can be increased to 136, 177, or 226 MPa . 

If PA12 is used as matrix material, the following im- 
25 provement of the mechanical characteristics results with 
a fiber fraction of 10, 20, or 30 percent by volume: E- 
module of 3.4 or 6.6 or 13.9 GPa; tensile strength of 66 
or 105 or 128 Mpa . 

30 Thus - as indicated schematically in Figures 8, 8A 

one has for the first time succeeded in meaningfully us- 
ing the layered manufacturing method for the production 
of hollow, complex-shaped, e.g. multiply bent molded bod- 
ies 570 with interior, preferably three-dimensional 

35 framework- like struts 572, so that not just extremely 
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light, but also thermally and mechanically most strain- 
able components can be produced. 

Deviations from the afore-described embodiments are, 
5 of course, possible without leaving the basic idea of the 
invention. Thus, post treatment steps of the individual 
powder production methods may also be used for other 
methods. The smoothing process to be performed by means 
of micro bodies may, of course, also be used with the two 
10 methods that have been described alternatively. 

The invention thus provides new powders for use in 
the production of three-dimensional structures or molded 
bodies by means of layered manufacturing methods, and 

15 methods for the economical production thereof. The pow- 
ders have the particularity that they have a good flow 
behavior, on the one hand, and that they are simultane- 
ously configured such that the molded body produced with 
the powder in rapid prototyping has substantially im- 

20 proved mechanical and/or thermal characteristics. In ac- 
cordance with a particularly advantageous embodiment, the 
powder comprises a first fraction that is present in the 
form of substantially spherical powder particles and that 
is formed by a matrix material, and at least one further 

25 fraction in the form of strengthening and/or reinforcing 
fibers that are preferably embedded into the matrix mate- 
rial . 



[File:ANM\TY1438B1 .doc] 
Toyota Motors port GmbH et al. 



